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W
hat are SN

Rs ?

SN
Rs: SuperN

ova Rem
nants are the tracers of

explosions from
 stars reaching the end of their lifes.

SN
Rs also enrich the ISM

 by dispersing m
aterial

produced both during the star’s life and at the
m

om
ent of the SN

 event.

H
ow frequent? Estim

ates varies according to SN
types, environm

ent (Galaxy type), …: A
bout 2 per

century for M
ilky W

ay (all types)



W
hy should we (you) care?

SN
Rs are probes both of their progenitor star (and

of their pre-supernova life) and of the ISM
.

They are also cosm
ic accelerators (cosm

ic rays).

Birth places of neutron stars and stellar m
ass black

holes.

They can also be space laboratories for study of
high m

agnetic fields, shock physics, jets, winds,
(PW

N
e)…







                                   is a lot darker….

•M
orphology classification is a zoo

•Spectral classification is a royal m
ess

N
ow the real story….
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 Slane 2003, ApJ (subm
itted)
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         W
hy is this such a m

ess??

SN
R evolution (and their appearance now) depends on

m
any factors:

•Its age

•Its environm
ent (density)

•The total energy of the explosion

and … its progenitor star (m
ass, type of SN

 associated..)



 3 phases in SN
R’s life.

•Free expansion  (less than 200-300 years)

•A
diabatic or “Taylor-Sedov”  phase  (about 20,000 years)

•Radiative or Snow-plow phase (up to 500,000 years)

 and then … M
erge with the ISM



      Free  expansion phase

•Independent of the nature of the SN
 explosion

•N
o deceleration

•Evolution only depends on E
o   the initial energy.

•Velocity of ejected shell varies between (7-12) 10
3 km

 s
-1

•M
ass swept-up negligible until M

su  ~ M
eje  ~ 1 M

§

===> Rs = 250 yrs M
eje  5/6 n

1 -1/3 E
51 -1/2

 SN
R enters then its A

diabatic Phase





      Sedov-Taylor phase

The key word here is SELF SIM
ILA

R (solutions can be scaled from
solutions elsewhere)

===> f(r, t) becom
es f(r/r

ref)  *f(r
ref )

(skipping the equations) … Et voilà!

               R
s =12.4 pc (KE

51 /n
1 ) 1/5 t

4 2/5

               t ==390 yr R
s T

m
eas -1/2



      Sedov-Taylor phase

The Sedov-Taylor phase  is one the m
ost often used in

papers about SN
Rs (that’s because one can get actual

physical quantities from
 m

easurem
ents).

In Sedov-Taylor m
odel one expects therm

al em
ission

com
ing from

 a thin shell behind the blast wave. A
s the

shock expends the pressure drops between the shock
wave and the m

aterial ejected.

A
t one point, “reverse” shock starts propagating ===> will

eventually heat the ejecta (also therm
al em

ission).





      Radiative phase

T drops as a steep function of radius

===> at som
e point, T is below T

recom
b  ~ 1 keV

A
ge of SN

R when this happens depends on m
odels for

cooling functions, explosion energy and density.

Between 17,000 and 25,000 years (assum
ing standard E

o
and n

1 )

Then:   TH
E EN

D
… SN

R m
erges with surrounding m

edium



      W
hy so com

plicated then??

•D
ifferent explosion energy, age, …

•D
ifferent angle of visions

•A
m

ount of m
aterial along line of sight is not uniform

•ISM
 is not hom

ogenous

•D
ifferent progenitor histories

•…..



      First the sim
plest:

• D
ifferent angle of view:

ßThen we m
ay see the SN

R
“through”  a lot m

ore of
absorption.



      ISM
 not hom

ogenous

Several m
odels to explain differences with

Sedov-Taylor “shell-like” predictions.

Several problem
s with this type of m

odels.

“Several” clouds evaporating
“slowly” behind shock wave
(W

hite & Long, 1991)



      D
ifferent progenitors

Type Ia: therm
o-

nuclear destruction of an
accreting white dwarf.
Low O

/Fe ratio.

Type II:Core collapse
of m

assive star. H
igh

O
/Fe ratio.



H
ughes et al. 2000, ApJ, 528, L109

Park et al. 2002, ApJ, 564, L39



    Pulsar W
ind N

ebulae (in SN
Rs)

ß Recent developm
ents (using Chandra) of PW

N
e studies

(particle acceleration, m
agnetic fields, jets, winds, …)



Pulsar W
ind N

ebulae

Studies of PW
N

 can yield inform
ation on m

agnetic
fields, ….

W
ith the new

data increase
from

 Chandra
(and the spatial
resolution), it is
now possible to
start doing
statistical
analysis.

Gotthelf 2003





       W
hat was not m

entioned here: 

ß N
on-equilibrium

 ionization effects
ß N

on-therm
al em

ission at the shock wave (SN
 1006)

ßA
ccuracy of the spectral diagnostics

ßA
ssociation of PSR/SN

R
ß…



For m
ore inform

ation on SN
Rs:

Books and proceedings:
ß“Supernovae and Stellar W

ind in the ISM
”  T. Lozinskaya

ß“ Supernovae and supernova rem
nants” K. W

eiler
ß“N

eutrons stars in supernova rem
nants” (proc)-- Slane and Gaenlser (Eds.)

ß“Exploring the X
-ray U

niverse” Charles & Seward

A
rticles:
ßTrim

ble -- Rev. M
od. Phys.1982 Vol 54, N

o 4

ßM
cKee -- A

pJ 1974188 355
ßChevalier -- A

pJ 1974 188 501
ßH

am
ilton, Sarazin & Chevalier  1983 A

pJ Supp, 51 115



Conclusions

SN
Rs (and PW

N
e) are a com

plicated but im
portant

field of study.

Thanks  to  Chandra (its spatial resolution and its ability to
allow for spatially resolved spectroscopy) and X

M
M

-N
ewton (its

large effective area and its ability to collect m
any m

ore photons.)

===>large rethinking of the field is happening now

  A
ny questions?


